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Abstract 
 
Soil respiration is the main element in the carbon cycle that makes possible for plants carbon plants to return in 
the atmosphere. The objective of this work was to present and discuss some aspects of the soil CO2 efflux. We defined 
herein, some terms associated to the soil respiration concept, we tackled some aspects regarding the influence of 
temperature, humidity and soil pH on soil respiration and we presented the principle of soil respiration measurement by 
using dynamic closed chamber system. 
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1. Introduction 
 
Soil respiration is a complex process, which is 
part of all terrestrial ecosystems. Being a part of the 
carbon cycle, soil respiration is directly linked to the 
processes and the components of the ecosystem 
which influence it. It is known that soil contains 
about 1600 Pg carbon (1 Pg = 1015g) up to the depth 
of 1m, being the most important source of C 
amongst the terrestrial ecosystems. By comparison 
plants are considered to contain 670 Pg C while the 
atmosphere contains 750 PgC [4]. Soil, the most 
important carbon source amongst the terrestrial 
ecosystems, is directly and indirectly connected to 
other pools carbon by different processes such as 
photosynthesis, carbon sequestration in biomass, 
respiration and decomposition of the dead organic 
matter. The carbon flux due to soil respiration is 
considered to be the second one, as greatest, in 
terrestrial ecosystem.  
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According to Raich and Potter (1995) this flux 
is estimated to 77 Pg C in a year, thus it is 10 times 
bigger than the CO2 flux due to the burning of the 
fossils fuels [3]. 
As result of the global climate change and of 
different models, the quantification of soil 
respiration becomes a problem of major interest for 
researchers and for farmers, foresters and 
politicians. Is it possible to manipulate the soil 
respiration in order to obtain a soil carbon 
sequestration? Which are the determining factors to 
accomplish such challenge? How will soil 
respiration respond to the changes of human 
activities? Which are the most adequate methods to 
measure soil respiration? Here are some questions, 
which need answers as urgent as possible. This can 
be accomplished only by studying, as accurately as 
possible, soil respiration and the factors which 
influence it. 
 
2. Defining soil respiration   
 
Soil respiration refers to production of the 
carbon dioxide by the soil organisms [2]. 
Microorganisms, edaphic fauna and plant parts in 
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the soil, such as roots and rhizomes, are the main 
organisms which produce CO2 in soil.    
From the technical point of view the CO2 
production rate in the soil cannot be directly 
measured in practice. What we usually determine to 
the surface of the soil represents the CO2 efflux 
from the soil towards the atmosphere. This efflux is 
influenced by the CO2 production rate in the soil, as 
well as by how this efflux is directed into the soil 
profile. It is accepted that in normal conditions, 
when a state of balance exist, CO2 efflux from the 
soil is equal to the production of CO2.     
CO2 production in the soil is the result of 
many types of respiration processes, and therefore, 
in practice is difficult to interpret correctly the data. 
According to the data supplied by Ryan and Law 
(2005), up to half of the soil respiration is the result 
of the roots and associated mycorrhizae metabolic 
activity, representing soil autotrophic respiration 
[6]. However, most of the studies published up to 
now concluded that the most part of the soil 
respiration (up to 95%) is due to the activity of 
heterotrophic microorganisms which use  
 
 
the organic matter recently introduced in the soil as 
an energetic source and which represent the soil 
heterotrophic respiration [6].  
A small part of the soil respiration (up to 
10%) is the result of the decomposition of the 
recalcitrant organic carbon [1, 7]. The contribution 
of the heterotrophic and autotrophic respiration to 
the CO2 efflux varies in relation to seasons and to 
the type of ecosystem.    
 
3. The factors controlling soil respiration   
 
Soil respiration is a complex process, which is 
influenced by different factors, both biological and 
abiotic. Soil autotrophic respiration directly depends 
on the photosynthesis and the quantity of organic 
compounds allocated for the radicular system. On the 
other hand, soil heterotrophic respiration is influenced, 
first of all, by the chemical composition of the 
substrate, but also by the structure of the soil biological 
community. The figure 1 presents the main biotic and 
abiotic factors that influence soil respiration.   
 
 
 
Figure 1. Soil CO2 efflux components and the factors influence it (Source: Ryan and Law, 2005) 
 
Next, we are going to discuss the influence of 
temperature, humidity and pH to soil CO2 efflux. 
Temperature influences every aspect of the 
respiratory processes. It is well known that during 
these processes numerous enzymes are involved, 
and their activity is influenced by temperature. 
Generally, respiration is agreed to increase once 
temperature goes up, reaching its maximum value to 
45 – 500C [2]. The influence of temperature over 
soil respiration depends on the component taken 
into consideration. Roots respiration increases 
exponentially to the temperature up to 35ºC, and 
over this temperature, respiration is inhibited. 
Temperature indirectly influences roots respiration 
due to its effect over their growth. Even if the 
growth of the radicular system varies from a species 
to another, as well as from a season to other, it is 
well known that the root system increases with the 
temperature. Same thing is known in the case of soil 
heterotrophic respiration, which increases 
exponentially to the increase of temperature. From 
the temperature point of view, microorganisms are: 
cryophilic, mesophilic and termophilic, the best 
temperature for its development being < 200C, 20 -
400C, respectively > 400C. Depending on the soil 
temperature, these functional groups are more or 
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less metabolically active and thus they contribute 
differently to the soil CO2 efflux.     
Soil humidity is another abiotic factor which 
influences soil respiration dramatically. Different 
studies  refer to the CO2 efflux as being more 
reduced in drought conditions, it reaches its 
maximum value to medium humidity values and 
decreases to high humidity when anaerobic 
conditions becomes possible. Field capacity 
represents the quantity of water to which soil 
respiration functions in optimum conditions. Under 
this state the soil macropores are full of air and this 
facilitates gas diffusion while the soil micropores 
are full of water making possible the diffusion of 
soluble substances from the substrate [2]. 
Soil humidity directly influences the 
physiological processes from the plant roots and 
bacterial cell, and this affects soil respiration as 
well. Water from the soil can also influence 
respiration indirectly, by modifying the capacities of 
gas and substances diffusion. In extreme drought 
conditions, soil microorganisms become dormant, 
this reduces metabolic activity and therefore soil 
respiration. Microorganisms motility as well as 
nutrients and radicular exudates diffusion becomes 
difficult in such circumstances. Under conditions of 
high humidity, the diffusion of gas and substances 
present in the substrate represent the main factors 
which redirect soil respiration. Lou and Zhou (2004) 
show that O2 and CO2 diffusion in water is 10 000 
times more reduced that in the air, thus the diffusion 
area of the two gases reduces once the soil pores are 
filled with water [2]. 
A significant variation of soil respiration is 
induced as a result of the time and space changes of 
soil humidity. The link between soil CO2 efflux and 
water volume is extremely complex, it involves 
numerous mechanisms and variations in time and 
space, and this limits its understanding.         
 Soil pH is another abiotic factor which 
affects soil respiration process. The pH influences 
most of the biochemical reactions, which take place 
in the soil, and amongst these bacterial enzymes 
synthesis can affect respiration. In the soil, humus 
absorption of enzymes conducts to the increase of 
pH and leads to changes of the community structure. 
Most of the known bacterial species live at a pH 
values within the interval 4 – 9 while fungi are 
considered moderate acidophilic with an optimum 
pH situated within the interval 4 – 6. Thus, soil pH 
has an outstanding impact on the growth and the 
proliferation of the edaphic microorganisms and 
consequently on soil respiration. On the other hand, 
plants can acidify rhizosphere as a result of the 
organic acids release in the radicular exudates. 
Moreover, as a result of the preferential absorption 
of the cations, the H+ ions are released in the soil 
and decreasing pH values [5]. Luo and Zhou (2004) 
present a series of quantitative data about CO2 
efflux in relation to the different pH values [2]. 
Thus, they show that the CO2 quantity produced at a 
pH of 3 can be up to 12 times smaller than the one 
produced to a pH of 4. They also observe that once 
pH increases up to values of 7 the CO2  efflux 
increases as well, while once the threshold of 7 is 
overpassed, the CO2 production decrease up to 83% 
when the soil pH reaches the value 10.  
In the end, we must emphasise that, similar to 
other physiological processes, soil respiration is not 
the result of a one-factor action but of the interaction 
of more biotic and abiotic factors. This makes soil 
respiration variable in time and space, but also 
important in regulating carbon cycle in the terrestrial 
systems. 
 
4. Soil respiration measuring methods  
 
The accurate measuring of soil CO2 efflux is 
one of the most important problems which occur in 
understanding its processes and factors. The 
collection of correct quantitative data and objective 
evaluation of the magnitude of soil respiration in 
different types of ecosystems and in different 
moments are not possible without a precise 
measurement.      
Different methods have been used and 
developed in order to cope with the challenges 
encountered in measuring CO2 efflux at the soil 
surface level. The most common are the methods, 
which directly measures the CO2 flux at the soil 
surface in a room with a known surface. It is a 
dynamic method if there is an air circulation in the 
chamber and it is a static method if there is no 
circulation in the chamber. Dynamic methods allow 
air to circulate between the chamber and the sensor, 
which will measure the CO2 concentration during a 
certain time period. Amongst these methods, the 
most common is closed dynamic chamber, which 
operates in a completely closed system at the soil 
surface, and the CO2 concentration is measured 
during a short period of time. Another used method, 
the open dynamic chamber, measures the changes 
of CO2 concentration between the air goes in the 
chamber and the air that goes out. 
Closed static chamber implies the isolation 
of a volume from atmosphere from the soil surface 
for a certain period of time, the CO2 capture in 
alkaline mixture and subsequently its determination. 
CO2 concentration from the air of the defined 
atmosphere can be determined by extracting some 
samples of air to various lapses of time and by their 
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analysis in gas chromatography and the use of some 
sensors in infrared.  
A dynamic closed system invented and 
conceived by PP System (USA) is available at the 
Ecology Department of USAMV Cluj-Napoca [8]. 
The system has two main parts, which are: the main 
module (CIRAS 2) where the operation system lies 
and where we can find infrared sensor for CO2, the 
pump that insures the air flux and the monitor where 
we can read the results; the other component of the 
system is the closed chamber which has 78.5 cm2 
and the volume of 1171 ml (fig. 2). The two 
components are interconnected, and the operation 
system from the main module controls the 
measuring procedure. CO2 flux and the evaporation 
rate from the soil surface are determined 
simultaneously.  
 
 
 
Figure 2. CIRAS 2 soil respiration system 
 
These steps should be followed:            
1. To switch on the machine we use the button 
from the left side of the main module. Before we 
switch on the machine, we recommend charging the 
batteries in order to avoid the machine o switch off 
while we make the measurements; 
2.  The system of determining the respiration 
can be configured and selected from the screen of 
the main module. On the screen, there is the 
interface specific for the measurement of the soil 
respiration; 
3.  By selecting the button START, we start 
the measuring procedure; 
4. At the beginning, the chamber must be kept 
in the air to allow the existent air to come out from 
the system. The chamber fan will rotate with a high 
speed for 15 seconds in order to clear away the air 
existent in the chamber; 
5. We place the closed chamber at the soil 
surface and we select the command READY in 
order to start the measurement. In this moment, the 
chamber fan rotates with a low speed. The system 
starts gaining its balance and when this is establish 
the screen of the module shows the results of the 
measurement: soil respiration in g/m2/h or µmol/m 
2/s-1; the evaporation in g/m2/h; Delta CO2 –CO2 
concentration variation during the determination; 
Delta Mb – humidity variation during the 
determination and the time of the determination 
(maximum 60 seconds). 
6. If we accept the results, we press RECORD 
DATA button to save the data we obtained. 
Apart from other advantages, determining soil 
respiration using the above-mentioned system 
allows us to obtain and process a high number of 
data, which will insure a more accurate valuation of 
the soil CO2  efflux.  
 
5. Conclusions 
 
As conclusion to the present paper we emphasize 
the need of well monitoring soil respiration in 
different ecosystem types in order to find the ways 
of soil carbon sequestration and reduction of soil 
CO2 efflux to the atmosphere. Considering that soil 
respiration is a process that can be influenced by 
many factors more research are need in order to 
prove in which way these factors affect CO2 efflux. 
Closed chamber dynamic system manufactured by 
PP System can me used successfully in field soil 
respiration measurements. 
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